serious concern within an enterprise in which priority of ideas is of primary importance (e.g., Dayton 1992) .
We are not the first to be concerned with the potential marginalization of the older research literature in biology. However, previous discussions have been either anecdotal or concerned only with the history of particular ideas (Young 1987 , Jackson 1981 , Dayton 1992 , Oksanen 1992 , Wilkinson 1999 and have put the blame on intellectual sloppiness, laziness, or politics. Our concerns are more general and stem explicitly from a shift in the primary ways that the biological literature is being searched. Is the growing use of computer databases making the older literature increasingly invisible to today's practitioners? This paper is a first step in determining the validity of this concern.
The rules of the game
We have compared the ages of citations from the "literature cited" sections of six major, longstanding journals in 2 years: 1968 and 1998. We realize that cited does not necessarily mean read (Dayton 1992) , but citations at least keep papers in the professional eye. For this first effort, we have restricted our attention to organismal biology, as the research literature is less likely to lose value over time in that area than in some other fields, such as immunology or cancer research. Some biomedical fields have experienced major paradigm shifts and technological advances with such rapidity in recent years that much of the older literature may well have become irrelevant to modern research. On the other hand, careful ecological experiments or descriptions are at least as valuable now as they were when first published, particularly if, for example, they deal with habitats that have become developed or otherwise degraded or with species that have become endangered or extinct. Among our six selected journals, we have included two specialized journals (The Auk, which considers avian biology, and The Journal of the Marine Biological Association of the United Kingdom), two relatively general journals (The Biological Bulletin and Ecology), and two journals that primarily publish review papers (Biological Reviews and The American Zoologist).
For each journal, we arbitrarily restricted our attention to the first and last 10 papers published in each of the 2 designated years. Thus we examined the "literature cited" sections of 40 papers for each journal, 20 for papers published in 1968 and 20 for papers published in 1998. The year of publication (1968 or 1998) was considered year zero, and the year of each citation was entered as the number of years before year zero. Thus, when we talk about mean citation age in this article, we refer to the number of years before the 1968 or 1998 papers were published rather than to actual publication dates. Consequently, a mean citation age of 15 years for papers published in 1968 refers to papers published in 1953, while a mean citation age of 15 years for papers published in 1998 refers to papers published in 1983. Papers cited as "in press" were assigned to year zero; notes and book reviews were not included in our analyses, nor were citations of books. Our database consisted of 13,648 references. Because the citation data were not normally distributed and variances were not homogeneous, we used nonparametric tests (Kruskal-Wallis) for most statistical comparisons (SAS 1990) . Because of our large sample sizes, we set the level for statistical significance at p = 0.01 unless otherwise indicated.
Predictions and approaches
What would we expect our data to look like if older papers were or were not being ignored more now than in the past? Several forces are at work, one of which is the increasing use of computer databases. Our modern scientific culture is an additional influence: the tendency to cite papers presenting novel findings or that merit criticism (Case and Higgins 2000) ; the natural tendency for authors to cite their own papers and those written by their colleagues, students, and mentors; and what Jackson (1991) calls "the arrogance of the present"-the tendency to assume that the work of past generations is less impressive than our own work. Finally there is the direct impact of a remarkable proliferation of the research literature, with recent literature making up an increasingly large proportion of the publication universe. Trying to distinguish among the effects of these forces makes the enterprise intriguing. For example, if people were using only computer databases to mine the literature for references, we would expect to see the average citation age decline substantially between 1968 and 1998 simply because the older literature is not represented in computer databases. However, a decrease in average (and median) citation ages would also be an expected consequence of the cultural issues mentioned earlier and of the increasing rate at which new papers are published.
For our analyses, therefore, we also looked at changes in other aspects of the data, including the age of the oldest references cited, the ages of the oldest 5% of the references cited, and the effect on citation ages of ignoring the oldest 5% of the references cited (potential outliers). We also considered separately the ways that review papers were being cited. A complete list of the variables considered is given in Table 1 , along with our predictions for how their values would be expected to change under three different scenarios: the older literature is being neglected, the older literature is not being neglected, or the older literature was even better represented in 1998 publications than it was in 1968 publications. It is especially easy to determine whether authors are doing better now than in 1968 at incorporating the oldest literature ( 
Citation patterns
Not surprisingly, considering the torrent of publications in recent years, the average "literature cited" section of recent (1998) papers in all six journals contained at least as many references as did papers published in the same journals in 1968; for four of the six journals, we found significantly more references per publication in 1998 papers (Figure 1 ).
For all journals combined, the average citation age was only about 1.5 years greater in 1998 papers than in papers published 30 years earlier ( Figure 2 ). As shown below, this difference was caused primarily by including the citation records of one journal, Biological Reviews. The median citation age in the complete database was about 8 years in both 1968 and 1998, substantially below the mean citation ages (Figure 2 ). Thus, in 1998 authors tended to cite primarily the recent literature, but that was also true 30 years earlier.
The mean citation ages in 1968 and 1998 were conspicuously similar (Figure 3a) . The large standard deviations reflect the nonnormal distribution of the data. Similarly, the median citation ages of papers cited in 1968 were similar to those cited in 1998 (Figure 3b ). Only for Biological Reviews did the median citation age differ dramatically between years. For all three journals in which a significant difference between medians was found, the changes were in an encouraging direction: for Biological Reviews in particular, the median age was 67% higher in 1998 articles ( Figure 3b ). The two most specialized journals (The Auk and Journal of the Marine Biological Association of the United Kingdom) had somewhat older median citation ages than did the other journals ( Figure 3b ).
Our data suggest that the older literature was generally not being ignored in 1998 publications. In four of the journals that we considered (Ecology, Journal of the Marine Biological Association of the United Kingdom, American Zoologist, and Biological Reviews), the oldest papers cited in 1998 were at least 40 years older than the oldest papers cited in 1968 (Figure 3c , compare the tops of the vertical bars, showing the maximum citation age). Only for The Auk were the oldest papers cited in 1998 substantially younger than the oldest papers cited in 1968 (Figure 3c ). Biological Reviews and Journal of the Marine Biological Association of the United Kingdom showed the greatest citation depth in 1998, with the oldest 5% of the cited literature spanning a range of 259 and 184 years, respectively ( Figure 3c ).
As indicated in Table 1 , however, the characteristics of the oldest citations in each paper (potential outliers-some references were 150 to over 300 years old [ Figure 2 ]) provide the clearest indication of citation trends. The mean age of these potential outliers declined significantly (p < 0.05) for both Ecology and The Auk (Figure 3d ). This might be of greater concern with respect to The Auk than Ecology, because the range of citation ages expanded between 1968 and 1998 for Ecology but not for The Auk (Figure 3c ). On a more encouraging note, (Figure 3d ). Not surprisingly, eliminating the oldest 5% of references from the analysis greatly increased the uniformity of the maximum citation ages across all journals (Figure 3c , compare the distances from the x axis to the bottoms of the vertical bars). Excluding the oldest 5% of citations, the maximum citation age tended to be lower for papers published in 1998 in four of the six journals. Only for Biological Reviews was the maximum citation age significantly greater for papers published in 1998 (Figure 3d ). The median citation age for 1998 papers was also significantly greater for this journal when the oldest 5% of citations were eliminated from the analysis and when review papers were eliminated from the analysis; the mean citation ages also differed in the same direction (Table  2 ). Contributors to Biological Reviews seem to be doing the best job of keeping up with the older literature. This might be expected for a journal that publishes literature reviews, but note that the citation patterns for the other review journal included in our survey, American Zoologist, are quite different. Authors in 1998 cited far more review papers than did authors in 1968, probably reflecting the explosive increase in the number of reviews written in the past few decades ( Table 2 ). The average review paper cited was about 10 to 15 years old for all journals, both in 1968 and 1998; no significant differences in the median age for cited review papers were found for any of the journals that we considered (Table 2) . To some extent, these review papers are proxies for the older literature. However, authors citing review papers in this way are relying on their predecessors to read the older literature for them (and for their readers).
Summary
Although the older literature is perhaps being gradually marginalized in some journals, the trends are not as dramatic as we might have expected from the potential impact of increased computer database use. Even when there were differences in the mean and median citation ages for papers pub- On average, authors tended to cite papers about 10 to 15 years old, and half the papers cited were no more than 11 years old. That was true in both 1968 and 1998. Excluding the outlying oldest 5% of citations, the oldest papers cited tended to be about 30 to 50 years old in both the 1968 and the 1998 literature. Thus, there is a clear bias toward citing the recent literature, but that bias seems to be no greater now than it was in 1968, before the advent of computer databases. The availability of computerized literature databases has generally not reduced the average or median age of citations in the literature included in our survey; citations were biased toward the recent literature before the advent of readily available computerized searches. The situation seems well worth watching, however. Of the six journals we considered, recent contributors to Biological Reviews incorporated more of the older literature than had contributors to that journal 30 years earlier, by every measure (Table 3) . Although Science Citation Index intends to extend its computerized database back to 1945 in the near future, some other organizations expect to focus exclusively on the recent literature. The American Institute of Biological Sciences, for example, has recently launched BioOne, a service that will eventually offer full-text electronic versions of nearly 200 biological journals; however, the society will provide access to only 2 to 3 years of back issues for each of these journals (Chasan 1999 Bulletin, 1920 for Ecology, 1935 for Biological Reviews, and 1961 for American Zoologist. Many other journals, not considered here, have an even longer pedigree: Nature began publishing in 1869, for example, and the Proceedings of the Linnean Society of London was first published in 1838. It would be a great loss if this potentially valuable literature was neglected by the next generation of researchers. We hope that the older literature will continue to be cited and read: "Not only is it a tremendous waste of time to reinvent important ideas, it is grossly unfair to ignore the priority and hard work of the earlier scientists" (Dayton 1992, p. 392) . This is only a first exercise in citation sociology. The results are preliminary in that only six journals were examined, and for parts of only 2 years, 30 years apart. It would be interesting to compare the data we have presented with similar data for journals published 50 and 100 years ago and for journals in biomedical and other fields of biological research. It may also be worthwhile to further examine all of the different factors governing the selection of papers read and cited in various fields of biology, as is already being done in some other disciplines (e.g., Case and Higgins 2000). T he editors welcome manuscripts written for a broad audience of professional biologists and advanced students. BioScience publishes peer-reviewed overview articles summarizing recent advances in important areas of biological research. BioScience also publishes short opinion pieces on the Editorial page, longer opinion pieces and essays on policy issues important to biologists in the Roundtable section, essays on the teaching of biology to students and to the general public in the Education section, and letters pertaining to material previously published in BioScience.
Roundtable
In addition, the Professional Biologist discusses issues in the practice of the biological profession, Thinking of Biology contains essays on biology philosophy, and Biology in History articles address the history of biological thought. Computers in Biology articles discuss how computer technology is contributing to the practice of biology. Finally, the special book issues of BioScience include an article on some aspect of book writing, publishing, or reading.
The editors reserve the right to edit all manuscripts for style and clarity. Contributions are accepted for review and publication on the condition that they are submitted solely to BioScience and will not be reprinted or translated without the publisher's permission. All of the authors must transfer certain copyrights to the publisher.
Overview articles
Articles should review significant scientific findings in an area of interest to a broad range of biologists. They should include background for biologists in disparate fields. The writing should be free of jargon. All articles, whether invited or independently submitted, undergo peer review of content and writing style. Articles must be no longer than 20 double-spaced typed pages, excluding figures, tables, and references. No more than 50 references should be cited.
Editorial
The Editorial page may cover any topic of interest to biologists, from science policy to technical controversy. Editorial manuscripts must not exceed 600 words. Editorials may not have references, footnotes, or a reference list.
Other departments
Manuscripts for Roundtable, Education, the Professional Biologist, Thinking of Biology, Biology in History, Computers in Biology, and special book articles must not exceed 15 double-spaced pages and should cite no more than 25 references. They may include a few photographs, drawings, figures, or tables. These manuscripts will undergo review. Book reviews and Policy Forum articles are generally solicited. If you are interested in writing a book review, contact the BioScience office.
Manuscript preparation
Submission. Submit an original and four copies of all manuscripts along with a cover letter to the Science Editor, BioScience, 1444 Eye Street, NW, Suite 200, Washington, DC 20005. Be sure to include your telephone and fax numbers and your e-mail address. Authors must obtain written permission to use in their articles any material copyrighted by another author or publisher. Include with your manuscript photocopies of letters granting permission; be sure that credit to the source is complete. List in your cover letter names of colleagues who have reviewed your paper plus the names, addresses, and telephone numbers of four potential referees from outside your institution but within North America. 
MANUSCRIPTS SUBMITTED MUST
FOLLOW THE FORMATS SPECIFIED HERE 11-inch white paper. Type all tables, figure captions, and footnotes on sheets separate from the text. Provide a separate title page with authors' names, titles, affiliations, and addresses; include a sentence or two of relevant biographical information and research interests.
Style. Follow Scientific Style and Format, 6th edition (CBE 1994) , for conventions in biology. For general style and spelling, consult the Chicago Manual of Style, 14th edition (Chicago 1993) , and a dictionary such as the American Heritage Dictionary of the English Language (Soukhanov 1992) . Symbols, acronyms, and measurement. Define all symbols and spell out all acronyms the first time they are used. All weights and measures must be in the metric system, SI units. Abbreviations may be used for units of weight or measurement that describe data.
